Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. 
Abstract
In August 2006, PEO IWS established the Software, Hardware Asset Reuse Enterprise (SHARE) repository to make combat system software and related assets available to eligible current and potential Navy contractors. PEO IWS is seeking ways to improve and mature the capability provided by SHARE. To that end, a research project at the Naval Postgraduate School will produce a component specification and ontology framework for use in SHARE. The framework will expand the information contained in the current metadata, to enable improved search and discovery capabilities and facilitate use of the repository items once they are retrieved. This paper lays the foundation for the research, by providing a characterization of the problem domain by describing the SHARE repository, its contents and its unique attributes. Based on this investigation, we then provide specific recommendations for both near term and long term improvements. The near term suggestions are essentially "low hanging fruit", or ideas for quick improvements that can be implemented in a relatively short time frame. The long term improvements are associated with the implementation of the component specification and ontology. Finally, we outline the requirements for the component specification in terms of its intended use within SHARE. PEO IWS is currently seeking ways to improve and mature the capability provided by SHARE. Among other initiatives, two related research projects are in progress at NPS. The first, and the topic of this paper, will produce a component specification framework and ontology for use in SHARE. The component specification is essentially a model of the assets incorporated into the repository; these will enable robust search and discovery capabilities, asset submission assistance, and other repository functions. The ontology is a framework for the relationships between components, providing contextual meaning to asset descriptions. The second project will develop a prototype of a semantically based requirements search engine (ReSEARCH) with the tools necessary to convert documents into semantically based formal representations of requirements (Martel, 2007) .
What is SHARE?
SHARE provides a capability for discovering, accessing, sharing, managing, and sustaining reusable assets for the Navy Surface Domain's programs (Belcher, 2007) . SHARE consists of an asset library and a card catalog. The asset library is a collection of combat systems software and supporting artifacts. The card catalog is a web-based interface that facilitates user insight into the contents of SHARE and supports user functions-including account registry, asset search and discovery, asset submission assistance, and asset retrieval requests.
The SHARE asset library is separate from the card catalog for two primary reasons. First, the majority of the contents of SHARE is classified material and, therefore, must be kept in a SECRET or higher container. Second, the process for retrieving assets from SHARE includes necessary steps for addressing the data rights associated with each component. The metadata for assets is collected during the asset submission process via an excel spreadsheet available on the SHARE user interface (see Appendix A). Submitters download the spreadsheet and then email the completed form to the SHARE helpdesk. This information includes not only contributor and asset descriptions, but also begins to address domain-specific information by identifying the asset's tie to the generic architecture provided by the Surface Navy OA Warfare Systems Architecture Element Level Decomposition.
Assets are requested from SHARE using an online interactive questionnaire.
The user is asked several basic questions, such as which assets are being requested, the justification for asset retrieval, and delivery information. The tool then prepares the necessary documents (including non-disclosure and license agreements) and provides them, along with instructions for printing and submission, to the user. Once the documents have been mailed in to the SHARE administrators, the user can track the status of the request online through the SHARE interface.
The SHARE user interface also includes some administrative information, such as points of contact for the SHARE program, the list of registered users, a document library, and a calendar. There is also a place where users can post feedback. However, this feature has not yet been utilized.
What is in SHARE?
The contents of SHARE are listed in Appendix B. Currently, SHARE includes the software and supporting documentation for an Aegis Baseline (7.1.1.1), the Requirements Specifications, (SRS) and source code for major subsystems.
Additionally, the repository includes the Littoral Combat System (LCS) Open Data
Model, which provides the mission architecture for LCS (Fein, 2007, February) .
What makes SHARE unique?
Several aspects of the SHARE repository make it unique in comparison to any number of existing software repositories-such as SourceForge (2007) or Koders (2007) . The first unique attribute is that the current artifacts incorporated in the database are very similar. They are each large subsystems of combat systems for Navy surface platforms. They have a similar level of granularity (very large and complex), and they are all traceable to a subset of the Surface Navy OA Warfare Systems Architecture Element Level Decomposition.
While this observation seems to point to trivial solutions for the repository, consideration of the future of the repository yields a different perspective. A primary realization is that the number of artifacts in the library will continue to grow. At some point, the number of items alone will render the search and discovery process difficult if not aided by visualization tools and robust search engines. Furthermore, if the goal of enterprise-wide, repository-enabled software reuse is to be realized, it is likely that the artifact characteristics will evolve over time. As Open Architecture becomes a standard development approach, more modular systems will be introduced. Once that occurs, it will be advantageous to developers to be able to identify and retrieve modules rather than subsystems. In other words, active repository use is likely to stimulate more granular activity. Additionally, to enable enterprise-level asset sharing, the repository must support the expression of component capability and utility in a meaningful way across domains. It is also important to note that SHARE is intended to include hardware artifacts, although these types of items are not currently included in the card catalog. In summary, it is expected that over time, the artifacts in SHARE will both become more heterogeneous, as well as be required to hold meaning among other more heterogeneous artifacts.
Another unique characteristic of SHARE is that there is no immediate access to assets in the repository. Due to classification and data rights issues, we must distinctly separate the tools used for search and discovery from the components themselves. We cannot insist, for example, that the component specification become part of the component as a wrapper and expect the tools to interface with it directly. These classification and data rights issues compel another important consideration. Since one of the most cumbersome processes identified for SHARE is the navigation of access authority and permissions for component retrieval, solutions aimed towards improving the usability of the repository should incorporate mechanisms for aiding in this process.
An additional distinguishing characteristic of SHARE is the part it plays in the context of the Navy enterprise. Each of the items in SHARE represent "product
lines" in the surface domain, and the surface domain is a part of the larger Navy enterprise. This framework provides contextual meaning to the assets and also becomes the driving force for the desired relevance of tools developed for SHARE.
Where possible, it is desirable to incorporate the domain information related to an asset to maximize its contextual meaning. Additionally, as tools are designed, developers should consider their potential use in the larger enterprise domain.
Recommendations for Near-term Improvement
Throughout this initial research of the SHARE repository, we have identified several relatively uncomplicated improvements. These improvements can be implemented with the repository in its current state before any fundamental framework is put in place. We offer these suggestions for consideration by SHARE leadership to enable near-term enhancement of the capability. These recommendations include improved use of the metadata, increased website functionality, and SHARE education.
The current metadata collected for assets submitted in SHARE includes a free text overview of the asset. These descriptions are currently the best tools that users have to determine if the asset being considered is going to be valuable for them to retrieve. However, the information provided varies greatly in these descriptions. On one end of the spectrum, the descriptions provide an overview of what the component does in the system as well as information to aid in its use. On the other end, very little additional information is provided. In some cases, the acronyms that are listed in the card catalog are simply repeated. Without a better description, users must already know a significant amount about the asset in order to decide if it will be useful to them.
Descriptions should be written with the assumption that the user does not already know what item(s) he/she is seeking. This may be a difficult perspective for program developers to take as they write summaries of their systems. A template could possibly be provided to delineate the types of information required for a description in order to ensure that the appropriate level of detail is included. This description should cover what the component does, its contribution to the overall functionality of a system, and examples of how the component has been used, both in the initial system and as a reused item. Another useful item for searchers less knowledgeable about the various combat systems is an acronym list.
Several features that are popular in commercial search and discovery web interfaces such as Amazon, Google, or Netflix may also be implemented in SHARE to improve the utility of the repository. Customer reviews, frequently asked questions, and tools for visualization are integral sources of information in these websites that could be useful in the SHARE environment as well.
The Amazon model for customer reviews could be beneficial to repository users that have identified an item that looks interesting. Amazon posts the customer ratings, a numeric assignment of quality, and also enables written feedback from the customer. For SHARE, this feedback could be tailored to answer specific questions that users would find useful. Customer feedback would include the quality assessment of the items, a description of how the customer used the component, and lessons learned regarding the item's use. As in Amazon, the SHARE tool could be set up to automatically distribute periodic e-mails requesting customers to review items they have retrieved.
Information visualization aids can help people quickly identify the items of interest to them. A commonly used feature in commercial sites is the "People who bought this, also bought…" feature. This quickly points users to items they may not have been aware of, but which may be relevant in solving their problem. Netflix allows users to view the details about a video in a window that pops up automatically when they move the cursor over a movie cover graphic. This feature may be helpful to those navigating SHARE by allowing users to view the detailed descriptions of components without having to click on them and wait for the information to open.
Another improvement that may help provide contextual significance to repository items makes use of the reference architecture information. Currently, the link between the component and the SNOA reference architecture is collected at the time of asset submission. It may be simple to build a search interface based on this mapping. As a search option, the user could choose to display the architecture framework, and then navigate to the components in the repository by clicking on the individual module entities. 
The Long-term Vision
The goal of this research is to improve the development and use of software repositories by developing a component specification designed for use in modelbased applications that greatly improve the effectiveness of a software repository.
We will develop a specification framework which includes a model of both the components in the repository as well as of the relationships that provide contextual meaning. The component models will be based on the behavior of the component as well as examples of its uses, both within the original system and in any situations in which the component has been reused. The relationships may exist between components within the repository, between the components and a reference or domain architecture, the component's place in the software lifecycle; this and other relational information will aid users in understanding the context of the component.
This framework will enable tools to be developed that will maximize the utility of the reuse repository. Two different types of tools have been identified as necessary for users to make full use of the framework. The search and discovery tools are meant to use the information captured in the framework to assist the user in identifying and retrieving useful items from the repository. In general, it is advantageous for software developers to provide multiple ways for users to search for relevant items; if given such selection, users can investigate the options depending on their background and current needs. To facilitate this process, we envision both advanced visualization tools (such as a fish-eye graph) as well as tools that enable searching from available documentation (such as ReSEARCH).
The third type of tool needed is that aimed at assisting component developers by minimizing the overhead associated with creating the component model and inserting it into the repository. One example is a specification-building tool with a wizard-type interface that will assist the developer in creating the component specification. Additionally, a tool is necessary at repository-submission time to help the submitter integrate the component into the repository by building the necessary relationships into the component metadata for proper placement into the repository.
The component specification framework will incorporate all of the information that is collected through the existing efforts to collect SHARE metadata. This includes both the information collected through the current excel sheet, as well as any of the short-term improvements implemented in the interim.
To support the continued and evolutionary use of the specification framework, developers will give consideration throughout its development to potentially changing aspects of SHARE, as well as to including additional candidate repositories. As discussed previously, it is likely that the items placed in SHARE will evolve over time from large subsystems to more granular modules. The component specification should be able to support this evolution of the contents. The framework will also be developed to support multiple repositories. While portions of the framework will contain domain-specific information, the structure and non-domain-specific portions should be easily portable to other repositories. They should also provide a systematic approach to completing the domain-relevant portion. Particular attention will be paid to existing DoD and other software repositories-especially those under the umbrella of the Navy OA domains such as the PEO C4I Net-centric Enterprise Solutions for Interoperability (NESI) repository. The specification framework should also support the integration of these repositories as intended by OA leadership.
Finally, it will be important to integrate the technical solutions provided by this work into the larger effort to improve software reuse within the Navy/DoD.
Education, motivation and rewards are needed in order to stimulate the reuse cycle.
In addition to the entire domain repository effort, a structured, planned and effective education campaign for these technical solutions is needed.
Requirements for Component Specification
Based on the initial investigation into SHARE as described in previous sections, the requirements listed here for the component specification framework are necessary to providing a solution relevant to the SHARE repository. These items will be considered throughout the framework development.
1.
Improved search and discovery capability-The central focus of the specification framework is to facilitate the search and discovery process for a repository. This includes not only the ease of navigation through the available components, but also the completeness of the information. The goal is to educate users about the candidate components thoroughly enough that they know what it is they are retrieving prior to going through that process.
2.
Minimize overhead for component submission-The addition of this capability to the repository will come with tradeoffs. Items must conform to the framework in order to be entered into the repository. The time required to prepare an asset for submission into the repository should be minimized as much as possible to avoid disuse due to unacceptable levels of difficulty. The specification framework will support the development of tools to aid the development of the component specification for an asset and to assist integration into the repository.
3.
Support multiple user perspectives-The component specification will incorporate multiple views for aiding users in deciding which components to retrieve. These perspectives include, but are not limited to:
a. Domain-specific reference architecture-Where possible, it is desirable to incorporate into the repository framework the available system domain information related to an asset to maximize its contextual meaning. This may be pre-existing in the form of a reference architecture or some other materials.
b. Examples of previous uses-Examples of the components' previous uses should be incorporated into the framework. This includes each component's use in the original system as well as any available examples of its reuse in later systems. Both successful and non-successful reuse examples can be included.
c. Intra-repository component relationships-A visualization of the relationships among the components in the repository is also useful. Items that have been used in the same system or used to perform similar functions in different systems can be grouped together. Additionally, the threads of components that have been reused and reinserted back into the repository as part of a new system should be traceable.
d. Lifecycle activity information-Information about the lifecycle phase or activity that the artifact is intended to support is useful as well. For example, a user may wish to search for all requirements documentation for systems that perform similar functions to their intended new system as a useful reference.
4.
Support for security requirements-Due to the classified nature of the assets in SHARE, the interface for search and retrieval must be kept separate from the assets themselves. Therefore, the specification model must support this constraint of separate locations. Additionally, the metadata of classified elements must be constrained to unclassified material and could possibly include pointers to classified descriptions.
5.
Support for legal concerns-As discussed in the previous sections, one of the primary difficulties specific to SHARE is the navigation of access authority and permissions for component retrieval. Any solution provided must take into account these constraints and should incorporate mechanisms to assist this process wherever possible.
6.
Extensible to other domains-Since SHARE is part of a greater effort to improve software reuse across the DoD, the component specification framework should support this goal. To that end, the framework should be extensible to the other domains under the Navy OA construct and should support the integration of these capabilities. Additionally, as supporting tools are designed, developers should consider their potential use in the larger enterprise.
7.
Scalable for repository evolution-The specification framework should support the evolution of the repository, both from the perspective of the expected growth in the number of components contained, as well as the progression towards less homogenous contents (smaller modules vs. large subsystems, various asset types-design artifacts, documentation, etc.). Additionally, the models should be capable of representing hardware artifacts that may be included as assets in the repository in the future. 
